Abstract: A description of mobile Ni contents in various subtypes of calcareous black soils from the area of the mountain massif of Rajac, is given in the present paper.
I n t r o d u c t i o n
Average Ni content within the pedosphere amounts to 40 mg/kg (V i n o g r a d o v , 1962), i.e. it most often varies between 10 and 40 mg/kg. It is most abundant in the substrates (or soils) over ultrabasic rocks, and is sometimes higher than 0.55%. According to S c h e f f e r et al. (1966) , soils over peridotites and serpentinites may exceptionally contain up to 100 mg/kg of readily mobilized nickel, in which case, the toxic effect of this element on plants may become apparent.
By comparative investigation of the methods for the estimation of solubility of heavy metals in some soil types (brown forest soils, fluvisols) J a k o v l j e v i ć , M. et al. (1997) came to the conclusion that in the mentioned soil types approximately the same quantities of mobile (extraction with 1 M HCl) and readily available nickel (extraction with 0.1 M HCl) are extracted. These amount to approximately 9% for brown forest soils and approximately 14% for fluvisols from the total nickel contents in these soils. All plants take up a certain amount of Ni ions from the soil, although it has not yet been proved that this microelement is essential. Nevertheless, S a p r i k i n (1984) finds that Ni exerts a noticable influence on the yields of agricultural crops (it is not clear if the influence is positive or negative), especially potatoes.
Nickel available to the plants includes Ni ions extracted from the soil by diluted acetic acid (at pH 2.5), which, according to V i n o g r a d o v (1957), amount to approximately 3-5% of the total Ni content in the soil.
A. K a b a t a -P e n d i a s et al. (1989) state that total Ni content in the world soils varies between 1 and 100 mg/kg, and in USA soils between 5 and 200 mg/kg, average values for various soils being between 12 and 30 mg/kg in the surface layer.
Average Ni content for the world soils is estimated to be 20 mg/kg. There is no evidence of the essential role of Ni in plant metabolism. However, its favourable effect on plant growth has been discovered, which allows for an assumption that Ni may have certain functions in plants (Živković, M., 1987).
There are indications that Ni is an essential component of urease, and consequently, that it may be utilized by nodules of leguminous plant roots, where this element is transported in the form of ureides from root to shoot. It has been noticed that Ni exerts especially strong stimulatory effect on nitrification and mineralization of N-compounds.
Total Ni content in limestones amounts to 7-10 kg/mg, which are not small quantities, considering that the insoluble residue in limestones seldom exceeds 5-10% of their mass (Ž i v k o v i ć , 1987).
Our investigations were carried out in the north-east part of Suvobor mountain, or more precisely, mobile Ni content in black soils of calcareous massif Rajac was investigated. Calcareous massif of Rajac borders an area of serpentinite massif of Suvobor mountain and is a part of this mountain. Considering that the investigated soil borders the serpentinite soils of Suvobor, our aim was to establish mobile Ni content in various developmental stages of calcareous black soil in that border area.
Material and Methods
Mobile nickel content was determined in four subtypes of calcareous black soil from Rajac area -north-east part of Suvobor mountain. Forty six profiles were opened and 100 soil samples were taken for the analyses. Seven profiles of organogenic black soil, 13 profiles of organo-mineral black soil, 12 profiles of poorly brownized black soil, 10 profiles of more strongly brownized black soil and 4 profiles of loessivized black soil were analyzed.
Extraction was carried out with 1 N HCl and mobile Ni content determination by atomic absorption spectrophotometry.
Results and Duscussion
From the results of the analyses presented in Table 1 , it is obvious that all the investigated subtypes of calcareous black soil of Rajac are fairly rich in readily mobilized Ni and in a number of profiles (14 in all) very rich in this microelement in mobile form, the content of which amounts to 30-40 and even to 80 mg/kg. Actually, the results of the analyses show that mobile Ni content in the analysed soil samples from Rajac varies within a very wide range, from 5.0 to 251.3 mg/kg, i.e. it very seldom (only in 3% of the investigated samples) varies within the interval from 5 to 7 mg/kg and that in over 90% of the investigated 100 samples it is higher than 10 mg/kg, and in almost 3/5 of the samples it is higher than 20 mg/kg.
Considering the investigations of J a k o v l j e v i ć et al. (1997) , if the content of easily mobilized Ni of 5 mg/kg is taken to be the limit for moderate (normal) levels for most soils (which has been done in this paper, because in the literature any data are unavailable on interpretative classification of the degree of soil supply with easily mobilized Ni), then all the investigated soil samples from Rajac could be classified as soils with average or high mobile nickel (Ni) content.
Even average mobile Ni content in the investigated soil samples from Rajac is fairly high and amounts to 25 mg/kg. As for the distribution of mobile Ni content in various subtypes of calcareous black soil from Rajac, in Table 1 be seen that, on average, this element is most abundant in its mobile form in organogenic black soil (mean value 36.7 mg/kg), followed by organomineral and brownized black soils which show similar mean values (24-26 mg/kg) however, the loessivized black soils are with much lower content than afore mentioned subtypes, both in humus horizon (mean value 18.3 mg/kg) and in subhumus horizons (mean values 9-15 mg/kg). If calculated for all these soils, the average value amounts to 13.9 mg/kg. By comparing mobile Ni contents in soils of Rajac with previously (D j o r d j e v i ć et al., 1992) investigated calcareous soils of Rtanj, we found that Rajac soils have much higher (most frequently 3-4 times) content of this microelement in mobile form than Rtanj soils. This is most markedly illustrated by the values of average mobile Ni contents in the surface part of Ah horizons in the analysed soil profiles from these two areas, i.e. these two mountains.
Thus, while the average mobile Ni content in the surface part of Ah horizon of Rajac soil amounts to 27.83 mg/kg, in the surface part of Ah horizon of Rtanj soil, these values are about 5 times lower and amount only to 5.3 mg/kg. Furthermore, while the surface parts of Ah horizon of organogenic and organomineral calcareous black soils of Rajac contain, on average, 35 and 26 mg/kg and of brownized black soils 31 mg/kg, the surface part of Ah horizons of organogenic and organomineral calcareous black soils of Rtanj contain, on average, about 8 mg/kg, and of brownized black soils, on average, only 5.3 mg/kg, which is about 6 times lower value than in the surface part of Ah horizon of brownized black soils of Rajac.
In general, the soils of the calcareous massif of Rajac have much higher content of mobile Ni than the soils of Rtanj, which is, by all means, only partly due to their stronger dealkalization and acidification, but is, besides, due to the influence of the geological substrate, i.e. serpentinite rocks bordering the calcareous massif of Rajac. The conclusion on the influence of serpentinite rocks on an increased mobile Ni content in calcareous black soils of Rajac is confirmed by the results of D j o r d j e v i ć (1997), concerning the content of mobile Ni in rankers situated just in the border area with the investigated calcareous massif of Rajac. According to the same author, the content of mobile Ni in serpentinite rankers from the area of Suvobor amounts, on average, to 337 mg/kg, which absolutely indicates the influence of the vicinity of serpentinite soils on an increased content of mobile Ni in calcareous black soils of Rajac (north-east part of Suvobor).
C o n c l u s i o n
On the basis of the obtained results of the investigations of Ni mobile forms in the analysed subtypes of calcareous black soils from Rajac, we may conclude the following:
-Mobile Ni content is highest in organogenic black soil (mean value 36.7 mg/kg) followed by organomineral and brownized black soils showing close average values (24-26 mg/kg), while the loessivized black soils are with significantly lower content than the previous subtypes and their mean value amounts to 13.9 mg/kg.
-Mobile Ni content in the investigated soil is higher compared to the content of mobile Ni in previously investigated our calcareous soils.
-We may safely state that the increased contents of mobile Ni in various subtypes of calcareous black soils of Rajac (north-east part of Suvobor) are mostly due to the vicinity of serpentinite rocks of the Suvobor mountain.
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